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FOREWORD

This report concerns in-house research conducted on wideband wave-
forms with acoustic surface wave devices. The work was conducted in
the Communications-Navigation Techniques Section, Communi.ations Tech-
niques Branch, Communications and Navigation Division, Rome Air Develop-
ment Center, under Job Order Numbers 45190000 and 692B80000.

The author wishes to acknowledge the help and commeats of Mr.
Walter Richard, RADC/CORC, and the assistance of Mr. Paul Richards,
RADC/COTN, during the multipath experiments. He also wishes to express
his appreciation te Mr. Arnold Argenzia, RADC/CORS, for the computer
derivation ot the cross-correlation properties, and to the Microwave
Physics Laboratory, Air Force Cambridge Research Labs, for fabricating
the surface wave devices.

This report has been reviewed by the Information Office, OI, and
is releasable ¢: the National Technical Information Service (NTIS).

This technical report has been reviewed and is approved.
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Approved: JAMES E. McHEE, Chief
Communications Techniques Branch
Communicatiors and Navigation Division

M'w;/ 7 /e e —
Appmvedf IN TWITCHELL, Cokdnel, USAF
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Acting Chief, Plans Office
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ABSTRACT

This report describes a study into synchronization p.sbiems of
various spread spectrum waveforms for direct mode, mult.-ie access
systems. Particular attention s paid to user mutual iiterference and
how this interference influences the choice of the wa i« orm. Compucer
generated cross-correlation properties of the 18 basjc 127 chip
m-sequences are given in simulating a pure code divi.ion system.

The basic pseudo-noise sequence is inplemented by acoustic surface
wave matched filters. The perlormance of these matcheu filters under

various interference conditions (including nultipath) is given.

iii




R 200

TABLE OF CONTENTS

I Introduction

I1 Basics of Spread Spectrum

IIT Pseudo-Noise Synch Preambles

1.
2.
3.
4.
IV Specification of a Synchronization Preamble and a Code
1.
2.
3.
4,

V The Ground Control Terminal in a Net Concept

General Remarks
Cross-Correlation Effects
Multi-Path Effects

Conclusion

General Remarks
Advantages of Frequency Division
Minimum Frequency Seraration

Conclusions

Bibliography

28

30

35

37

41




10

11

12

13

14

15

uIST OF ILLUSTRATIONS

Illustration of the Synch Preamble

70 MHz Surface Wave Device

Sequence and Auto-Correlation Pazttern
Cross-Correlation Properties
Correlation with Inverse Sequcnce Added
Two Path Propagation

Multipath Experiments

Expanded View of 0.9 usec Delay

Correlation of Sequence and Inverse with
Frequency Separations

Correlation of Same Sequence at Two Frequenci.s

Effect of 70 MHz Gaussian Noise on 7C MHz
Correlation

Correlation of 100 MHz Sequence in Presence
of 70 MHz Gaussian Noise

Spectrum Analyzer Views of Responses
A Net Concept

Ground Control Terminal Synch implementation
Concept

20

21

22

24

25

26

29

31

32

33
36

38

40




LIST OF TABLES
Table No. Page
1. Major Multiple Access MoZulution Techniques ....cceseececccscee 2
2. Listing of the SequeNcCes ...cvvessenceccrccsessesscsasonsoacees 8
3. Cross-Correlation Peaks for F, = 0 ..ccveeerenccocacacancnnsces 9

1

4. Cmss‘correlatior‘ Pedks for Fl =1 P S &0 0O PSP 0eEB 0PN EeEN IR PO 10

5. Cross-Correlation Peaks fOr F. = 2 ,.ucvevcccnsancosscccnssssse 11

1
6. Cross-Correlation Peaks for Fl = 3 teeerevcccccnsesscccseanssas 12
7. Cross-Correlation Peaks for F1 B4 e iiectrenencarecsenseesne oV
8. Cross-Correlation Peaks for F1 = 5,6 cocecvececsnncnrsrscennees 14
E ' 9. Cross-Correlation Peaks for Fl 2 7,8 teiececssonvasssesanseasas 15
10. Cross-Correlation Peaks for Fl = 9,10,11 ..iieeiiietncnacnnsans 16
11. Cross-Correlation Pezks for Fl 2 12,13,14,15,16 .o vcenvenessa 17

vii




RS o Y R e A gt el T AT S TR ST T T Sy ST TR T e e T ey e T =

VRS PRI NRYR T TR RTIT T IAUIETS T ST I TN N T T S

T INTROLLCTIUN

In stuuying the multiple access problem, one of the main objectives
of the mouulation method is to minimize the irteraction Letueen users.
In adaition, some form of anti-jam pust be maintained, anu it is
desirable to provide fast transmitte--receiver syncnronization. If
one requires the waveform to perfora additional fuactions, tue modula-
tion becomes extremely complex. It is generally accepteu tiat these
requirements uictate a wlaeband or sprcad spectyum systern.

The four major modulation techniques applicalle are frequency civision
multiple access (FiMA), pseudo-ncise multiplc access (Pn'A), tine civision
nultiple access (TUMA) and pulse-address nultiple access (PA:JA].1 necause
of their inherently resistant nature, pseudo-noise techniques are usually
utilized in hybrid combirnation with the others. Carrier separatility
for each of the techniques is denoted in zbls i.,

In a previous repert, the author introduced the idea of utilizing
acoustic surface wave multiple tap delay lines to yenerate ana correlate
pseudo-noise sequences for application te syucuzorizat.on preanbles four
wideband waveforns. Tne synchronization picamble hau Leen uiscusseu
in regaru to a wiueband, multi-funcrion system® anc is illustrated in
Figure 1.

Tais report weals with auditionsl experir ntatior in tinls area,
particularly with the nperation of acoustic surince wave matchco
filters in a multiple access system wiich contaius oily direct
transmissions without the use of satellite repeaters. Tnis node

of operation increases user nutual interference which eniences the

.d frem %
ﬁ:slmadvua'}!able cepy.
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importance of the 'near-far'" problem. That is, tiie interference problem
is of more concziyn than that of low detectability.
I BASICS GF SPRLAU SPECTRUWM

Spread spectrum techniques are baseu upon coherent processing of
tne information of the received signal anu incoherent processing of
the noise. The information is spread into a cnannel bandwidth iuch
wiaer than the bandwiuth needed to pass the information, and transmitted.
If the receiver is synchronized with the transmitter anu matcieu to the
coding, the information can te collapsed to its origiual state and
recoverea, while the noise-is spread.

Following Braverman,4 we can present an illustration of hLow spread
spectrum can proviue a 'processing gain' for tiie information over tie
noise.

et s(t) ve a narrow-band information bearing signal with average
power S watts anu bandwiuth K liertz, Consider a unit amplitude, vinary,
wide-band coding signal c¢(t) of Leandwidth hchertz which is useu to epcowe
s(t). If wc>9'hs, the codea signal c(t)s(t) occupies a bandwidth
approximately Wc. 17 the noise n(t) has average power N in the
transmission bLanu wc, then the received sienal is

c(t)s(t)+n(t) (1)

The input signal-to-noise at the receiver is
S/l\ = S/MN
( )ill /N (2)
The received signal is nultiplled by a properly synchronized replica
of the binary code c¢(t) to give a uecoded signal

c(t) (c(t)s(t)m(t)) = s(t)+c(t)n(t) (3)
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If n(t) ana c(t) are uncorrelatea, power in c(t)u(t) will Le spread
almost uniformly throughout at least a bLandwidth cf hc' Since s(t)
is confined to a Lanawidth ws, passing the decodeu signal, (3),
through a narrow band filter of Lunawidth WS, we get

s(t)+7i(t) (4)
wnere 1i(t) is the porcion of c(t)n(t) which occupies by iherefore,
the noise power at the output of the filter is about N (Ws/Wc), ana
the signal to noise ratio at this point is

(s]i\')out = 5/( mws/,.-c)

= Shc/hhs

=( S/N )iu ( wc/Ws ) (3)

If we then cefiine the processing gain Ly

PG = 10 tog )y (/8 ) oue/ (878 in 6)

we get

PG

10 Tog) ) B/ )

Lquation (7) illustrates the basic principle of spread spectrum--the
percentage of noise power rejected is prorortional to the ratio of the
Lanuwiuths,

Tuere are two important points to Le derived from the above illustra-
tion. These are that there nust Le synchronization becween transmitter
anu receiver, and tne coding waveform and the noise must be uncorrelated.
As uraverman4 notes, tuis reduces the design of a spread svectrum system
to tne specification of a synchronization procedure and the specification

of a secure wideband spread spectrum code.
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1. General Remarks

The use of maximal length binary sequences to provide the
preamble couing has veen uiscussed.2 It was noted that correlation
properties produced by a matched filter detector ¢iffer from those
groduced by an active correlator whose integration time corresponds
to the length of the naximal iength sequence. In essence, the matched
filter deteciors produces correlation sidelobes not encountered with
correlation detection. wusecause of their well-known generating proceaure
and correlation properties, maximal length binary sequences were con-
siuered the most suitable starting point for these investigations.
(braverman4 has Considered composite codes constructed by combining
maximal length sequences of various periods.)

The use of matched filters to synchronize a nultiple access

systen requires preambles with yood characteristics from two vieWpoints.2

biscrimination of a desired signal from unwanted signals depends on the
cross-correlation properties of the preamble sequences used, i.e., the
proauct of cne sequence against a second sequence. The exact resolution
of synch (epoch time) uepends on the auto-correlation properties of the
sequences, i.e., the product of a sequence against a time shifted version
of itself.

A computer was used to test the cross-correlation properties
of the vasic eighteen m-sequences of length 127. 'Ihe results are
sunmarizea in Tables 2-11, ‘Tne 127 chip m-sequence was considered
a candiuate zoa syncn preambles <ince, from the 1& basic codes, nne

can generate 22f6 different structures. It has also been thought
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that the use of PN sequences can nelp reduce the effects of rultipatu
This area was also studied using a multipath simulator.
2. Cross-Correiation Lffects

lable 2 presents a listing of the 18 seyuences (represented
Ly their generator polynomials) and an inuex, denoted Fl, which is
used to iudicate which of the sequences is Leing correlated against
thr others. That is, fy denotes the reference sequence. The index
kg inaicates whici sequence is being correlateu against the reference.
The sequew~e denoted Ly a particular kg changes each time [, changes.
Thus, F; = 0, Lg = 1 inuicates the sequence 1000001 is Leing correlated
against the reference 0000011, Whereas, Fl = 8§, Lg = 1, denotes the
sequence 1100101 is being correlated against the reference U100111.

Also indscated in Table 2 is the burst auto-correlation peal to
maximum siacelobe ratio.

Tables 3-11 list the maximum peak for the particular cross-
correclation and the position of the peak. 'Tue correlation was performea
only oVer tiue first 127 positions so that one ray assume there would Le
another peak equally spaced beyond the 127th position.

Une can note that all peaks are very large and the vast majority
are zuch larger than the maximun auto-correlation sidelobe. In fact in
some cases, the peak is 1/3 the size of the auto-correlation peah.

In order to see what this means from an operational point of
view, a cross-correiation cxperiment was conducted witl ucoustic su. 2=
wave nultiple-tap delay lines. The devices were codea to generate and
correlate a 31 chip m-sequence with a 10 MHz PN rate. Uf the four devices

available, there were two sets of generator and matcheu filter. Une set
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Table 2.

Initial Conditions. 0000001

(Fl + 1)

Fl
0

10
11
12
13
14
15
16

17

Lg

(17-&1)

Listing of the Sequences

Polynomial
0000011
1000001
0001001
0010061
0001111
1110301
0u1110)
0111001
0100111
1100101
0101011
1010101
0111111
1111101
1001011
1010011
1101111

1110111

P e B

P/S

127.
127
127:
127;

127:

127

127:
127.
127:
127:
127:
127:
127.
127.
i27:
127:
127:

127:

9

12
12

11

;12

12
11
12
11
12
12

12

12

11

Ty #he AN
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Table 3.

10
11
12
13
14
15
lo

17

Kol

Cross-Correlation Peaks for F, = 0

Max Peak

25

22

20

23

18

20

25

22

24

27

29

22

22

20

Position
89
92
94,114
101
97
94
80,100,100
114
99
114
116
103
73
116,110
100
115

vo

Il
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10

11
12
13

14

Cross-Correlation Peaks for F, s 1

i.ax Peak

21
21
23
20
22
20
23
19
40
26
34
22
22
25
22

28

10

Position

97

83
101,127
106
118

64
101
101,99
120
108
108
114,110
118,116,90
125

78

104
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Table S.

Eg

wn

~3

10
i1
12
13
14

15

Cross-Correlation Peaks for F, = 2

Max Peak

22

22

27

20

34

18

23

20

16
24
25
24

22

11

Position

110

76

97
120,80,72

68
120,106

¢3
106,70
109
124,100,92
124
121,91
106

64

57




Table 6. Cross-Correlation Peaks for F, = 3

1
kg Max Peak Position
1 26 40
2 20 74
3 35 87
4 22 108
5 34 94
6 23 87
7 21 111
8 19 87
9 42 108
10 19 109,43
11 20 116,90
12 24 i08
13 206 100
14 21 111,77

12
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Table 7. Cross-Correlation Peaks for Fl =4
]
kg Max Peak Position
’ 1 25 111
2 21 99
3 20 io8
4 25 73
5 35 113
6 23 107
7 21 97
8 23 115
9 25 12.,99
10 25 125
L 11 23 95
12 24 63
13 21 95

ot

13




L R e L e P - . . . P e e -

: Table 8. Cross-Correlation Pesks for F. = 5,5

1
1 Eg Max Peal Position
: 1 20 52
1 2 22 74
‘ 3 26 54
4 27 114
“ 5 21 117,111
E 6 21 109,93
t; 7 27 111
]
8 21 95
; 9 20 118
? 10 27 83
', x 11 39 117
‘ 12 23 91
; kg Max Peak Position
: 1 22 72
2 18 72,74,104,122
3 25 91
4 18 122
5 22 96
6 22 44
7 18 94,56
8 22 114
9 26 76
10 24 116
11 34 90
14




o K " = e

R T L -

Takie 9. Cross-Correlation Peuks for Fl = 7,8

. F =7
a~ kg Max Peak Position
1 50 106
- 2 21 39
; , 3 24 114
2 4 30 ¢4
r 5 20 98
E 6 18 102
i E 7 24 126
] 8 21 95
F 9 "2 Y6
r ’ 10 21 105,97
q Fy = b
. % Lq Max Peak Position
E g 1 23 105,75
E ; z 18 98
o 3 20 116,94
g- 4 20 110
§ 5 20 118
¥ 6 22 116
£ 7 19 59
f § 21 113
9 25 83
f 15

)
Tt W oA
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Max Peak Position
23 107
29 101
25 103
19 91 "
20 118,102
21 65
27 81
22 68

Max Peak Position
23 67
18 88,74
23 117
33 91
19 75
29 83
21 57

dax Peak Position
26 108
21 109
22 118,56
23 127
25 77
22 50

16
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Table 11.

12

1

o T A s~

Cross-Correlation Peaks for F

Max Peak.
25

31

Max Peak
21

24
24

21

Max Peak
28

21

18

Max Peak
21

20

Max Peak
22

17
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1

= 12,13,14,15,16

Position
95

103
123,121,109
105

90

Position
101

58
108

105

Pocition
c4

85

112

Position
75

92

Position
78
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operateu at 70 ikiz ana the otner at 160 Miz. Figure 2 is a photograph
of thne 70 Mz cevice, ana figure 3 shows the sequence and auto-correlation
pattern. bescription of the devices and their operation is given in a
previous Ieyort.2

In order to perform a cross-correlation experincnt the 100 ihz
anu 70 iz correlators were used. Since these devices contained identical
tap phase coding, the experiment performed involved cross-correlating a
sequence with its time inverse. ‘Ihe 100 Mhz uevice was used to generate
the scquence. Its frequency was mixed wown to 70 Miz. Figure 4 shows
tae tue 'retical and experimental results. The predicted maxinum cross-
corrclation peak is 11 units nigh compared to 5 for the maxinum auto-
correlation sidelobe. Figure 5 shows thc operation of the 70 iHz
correlator vith the presence of both its matched sequence and inverse.
Corparison of Figures 4 and 5 shows that the output of the surface wave
natched filter is the sum of its responses to each sequence present.

The above result is very important, especially when considering
a pure pseudo-noise or code division multiple access system. Tables 3-
11 showed that cross-correlation can result in very high spurious peaks.
It is conceivable that a particular receiver may be inunuated with
several simultaneous or slightly uelayea transmissions from within
the system. Lopending upon range uifferences, Figure 5 shows that
cross-correlation may produce missed synchronizations or at least
seriously uegrade the signal-to-noise ratio. This only adds to the
serirusness of the 'near-far problem'" in a uirect mode multiple
access concept. It further points out that some form of disciimination

against tuc sidelobes nust be performed.

18
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Figure 2, 70 MHz Surface Wave Device
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Sequence and Auto-Correlation Pattern
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3. ulti-bkath Lffects

In stuuying tne cifects of multi-path, a simulator was utilizea
whiich provicec control of uelay and frequency selective fading rate.
vecause a rapiu frame cnanging camera was not available, photographs
were taken at specific times uuring repetitive transmissions of the
sequence for articular path deilay uifferences. The path uelay
uifference was changeu in steps equal to a chip pertod.

Figure 6 ,resents a thccretical plot of a two path propagation
witu 0.4 usec or 4 chip period welay. 'The correlation peak for zero
welay (1.e., the first correlation peak observied) iias decreaseu by one
anplituce unit wnile the naximum sidelobe nas increased tiiree units
anc snifteu position. ‘Thus tine maxinum obtainable voltage processing
;,ain nas cecreascu from about 15.8 ds to 11.5 usb.

Figure 7 presents actual photographs of the two patih propagation
for various uelays., As tne welay increases from zero to U.9 uscc one
can note the appearance of tihe second correlation peak and the decrease
in peak amplitude. Figure 5 is an expanued view of the 0.9 usec path
Jdifference.

Lomparison of Figure ¢ and the 0.4 usec path difference photo-
o>raph in Figure 7 shows similar sidelobe structures. Iliowever, the peaks
are uot resolveu and tneir amplitudes are unequal. Tuis can be attributed
to the inuuctive matching of the surface wave devices, which has caused
vand limiting. Tne spreading of the peaks uue to band limiting is seen
more clearly in Figure 5. Although there is a reduction in correlation

peah anplitude due to the multipath, the use of a PN sequence does

allow rejection of arrivals celayed by more than one cnip.

23
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4. Conclusion

From the point of view of resolving synch, it must be noted
that the binary szsquence provides auto-correlation properties sufficient
to reject multipath uelays larger than one chip. From this point of view
tuen, a pseudo-noise binary sequence provides desired performance.

From the point of view of discriminating a desirea signal from
uwwanted signals, the cross-correlation effects observed and computed
are not very encouraging for a pure code division system. Tihe possibility
of cross-correlation sidelobes from 5 to 9 dB below the auto-correlation
peak uoes not make for a bright picture when one considers that
operation may be required for near-far user ratios of 80 to 100 db.

It is cbvious that some additional system government must be added
to reduce the severity of these interferences while maintaining
discrimination against multipath.

The use of TLDMA in combination with the pseudo-noise presents
desirable characteristics and has been proposed for multiple acccss
systems using satellite repeaters.8
IV SPECIFICATION OF A SYNCHRONIZATION PROCLDURL AND A CODE

1. CGeneral Remarks
As noted by tahn, et. al.® a possible usdble wavefori- for a
direct mode, multiple access system is a hybrid combination of
frequency hopping, time hopping and binary pseudo-noise. The system
would be time coordinated. Thus, there would be rough timing informa-
tion between transmitter anu receiver, and the synchronization procedure

could provide nighly accurate ranging data in addition to lock-up.
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Tne suggested synch procecure, anu ti:c one conceruco with in
tais report, is to transmit a short header or prearble at tiie veginning
of cach message frame, as il'ustrateu in Figure 1. Since wc are
concerned withn wultiple access situation, the preamtle would wve
coueu anu gerform yart of tue adaressing funciion.

In tie system, each user would uc assigneu a tiwe slot for
transiiission within the major tiwe frame of tne system. In contination
witu frequency uivision, eacin tine slot woula be occupicd vy a nunber
cf users, each at a uifferent frequency. imen pseudo-noise is iicludcu,
couing also proviues user separability. In a tiwmc uwop, frequency .op
system, the slot position anu frequency are ;scudo-ranuonly pernutcu.
Such a4 system minimizes the effects of strong necarivy uvmitters.

In tue system, each transmitter is assipinec a tine [lot vut
no frequency. Lach receiver is assigned a frequency nopping pattern
but no time slot. Referring to Figure 1, tuc frequeacy nops vetweel
time frames. ‘lue frequency hop pattern and preanblc coue act as tie
receiver's address.

2. Auvautages of lrequency bivision

To show now the aduition of a frequency separation can provice
a vast improvement in the syncironization procedure as corpareu to
pure coding, the experinent illustrated in Figurc 5 was rerun. Lowever,
in this case the frequency of the inverse sequence was hcpt at 100 idiz.
The equal strengtl. sequences were combined ana tae sum vas applied to
voth correlators. ‘the results are shown in ligure U. .weitiher sequence
uas interferred with the correlation process of tuc otuer's uatcueu

filter. 1Iun fact, if the same sequence at two uifferent frequencics

28




suotlsxedeg Aousnboexj yiym asisAuj pue adusnbog Jo uorE[SIIO0)

‘6 2andiy

- Eh e G e e S AR o
T R - et 759

f ¥3Q0ON3 | 4300930

ZHRN 04

29

4300030
ZHWN 00l

mmooozm
ZHWN 0L




R o T T SO YT SIS T T SRR TR TR T MEMLY Ry TR NN TR R TR N e T T Y RS .
R I LT A T i Cank

v o T I e S S e AT = T TR TR R FET S W TR oy,
o — ———— ST, CPTICITTIN s T, s Ll I o

is summed and impressed on the matched filter, no degradation in the

i peak-to-sidelobe ratio is encountered. Tnis result is shown in Figure

10. The situation depicted in Figures Y and 10 ray be interpreted as

that of two users transmitting to two receivers ... that thc two

D e ol

synch preambles arrive at each receiver witih equal stremgtin. The

pexformance of the acoustic surface wave matched filters and the code

PR

1 is highly successful.
The desirability of frequency civision can also be secen

when one attempts to interfere with signal reception. Figure 11

shows che result of adding 70 Mhz Gaussian noise to the 70 iilz sequence.
A diode detector was used.for this picture. It can be noteu that at

input S§/N = -10 uB, missed synchronizations can occur because of the

VT

oscillation of the correlation peak. liowever Figure 12 shows that

there would be no interference with other users unless the S/iw for

TERTTWCIR

that user bLecomes very poor. The jroper use of front-enu limiters

S

may preclude this last possibility from happening.
3. Minimum Frequency Separation

The obvious question at this point is how little frequency

E separation is tolerable? It has been estimated that, as long as tir
ﬁ fr-quency separation is larger than one over the sequence length, there

will be no interaction for like coded sequences. The pseudo-noise

modulation rate determines the bandwidth anu, for frequemncy lop or
frequency auivision concepts, is usnally chosen as the minimum separation.
Therefore, for the 31 chip m-sequence used in the experimentation, one

would expect an interaction between the correlator and an offset

30
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sequence over a bandwidth of 600 khiz since the sequence is 3.1 usec in
length., Indeed, this was found to be true. Shifting the frequency of

the generated sequerce about the 70 !Hz resonant frequency of the surface

wave matched filter, unity correlation peak- to-sidelobe ratio was obtained

at points approximaiely +300 kHz. That is, one could not distinguish

a correlation peak in the matched filter's response. At this joint the
like coded sequence, at a frequency of 70 Miz, was added, anu the combina-
tion was fed to the matched filter. There was no uegradation in the
correlation peak-to-sidelobe ratio. Using essentially identical surface
wave devices, Carr et. al.” also found peak-to-sidelobe ratios of less
than 1 dB at points +300 kliz.

For offset frequencies beyond 300 kliz, there was no correlation
peak discernable and the response of the correlator was noiselike with
peaks occuring at a various p(sitions. When this frequency offset
sequence was combined with its like cuds( sequence of 70 MHz and then
correlated by the 70 MHz matched filter, :t was found that the peak to
noise ratio was less than the correlation peak to maximum sidelobe ratio
for the 70 iMHz sequence only. For offset frequencies beyond -5 MHz and
+3 Mz the S/N ratio became equal to the correlation peak to maxinum side-
lobe ratio. The frequency offset sequence could be assumed to be another
user in the same time slot generating a preamble sequence.

In an actual system, however, no two addresses would be the same.
To study the above situation in a more realistic manner, the inverse

sequence was used, and its frequency was shifted relative to the resonant
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frequency of the matched filter. The results were the same. That is,
the peak-to-noise ratic improved to become equal to the peak-to-sidelobe
ratio outside of the orf<ezcs -S itz and +3 MHz.

Since t.e PN nodulation rate was 10 MHz, the above results would

ingicate that a frequency separation of one half the PN rate is sufficient

to prevent system self-jamming or user mutual interference. liowever, it
must Le noteu that to reduce the insertion loss of the devices, hoth
input and output transducers were inductively matched. This resulted in
a reduction of the bandwidth of each device. Thus, less than a 10 MHz
Landwiath was being used. As shown by Figure 13, the responses are no
longer a nice sinzx/xz allowing for a smaller frequency separation. It
would be safe to say therefore that the frequency separation should
indeed Le equal te the instantaneous bandwidth.

4. Conclusions

It nas Leen experimentally shown that the addition of frequency
uivision to pseudo-noise provides an effective means for reducing both
user mutual interference (i.e.., mear-far) and outside intereference for a
direct or non-satellite mode nultiple access system. When the frequency
aivision takes the form of pseudo-random frequency hopping, an additional
amount of resistance can be added.

The reduction of system self-interference results in adequate
performance of the synchronization preamble concept. In addition, the
use of bi-phase, pseudo-noise-modulation, for the preamble provided
successful performance. In fact, the combination of bi-phase sequences

anu matched filters may even be successful for data modulation/demodula-

tion techniques.
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ENCODER PULSE RESPONSE

Input Pulse: 5 Volts, 10 nsec

40 Db Amplification
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Decoder Pulse Response
Input Pulse: 5 Volts, 10 nsec
40 Db Amplification

Spectrum Height 8 Db Greater Than Encoder

Reproduced from
best available copy.

6 MHz

Correlation Peak Spectrum

40 Db Amplification

Figure 13. Spectrum Analyzer Views of Responses
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Tie performance of the acoustic surface wave multiple tap delay
line as sequeace generator and matched filter provides great encourageuent
when one becomes concerned with implementation of the waveforms. Tne
technology has been developed to the point where implementation of the
preamble can uve simply accomplished at very low cost. Tie experiments
conducted for this report utilized fixed frequency, fixeu code surface
wave cavices. liowever, a study at RADC resulted in a technique to
provide tne required phase coherent frequency hopping as well as the
capability to randomly switch the coding structure of the preamble.9
This technique is currently being demonstrated.w’11 Althougl the
technique will not be described here it is suffice to say that the

combination of solid state switches and acoustic surface wave ucvices

allows a simple straightforward implementation.

V ThE GROUUD CONTROL TERMINAL IN A NLT CONCLPT

i
;;1.
i
z
¥
s
i

The use of frequency division or frequency nopping provides adequate

[

user separability as well as anti-jam synchronization procedures. ‘Time

% division or time hopping provides increased orthogonality as well as
1 % strong system government. The hybrid FH/PN/TL, tien, is quite a
% é desirable waveform.
E This type of waveform conveniently leads to a ''net" concept for a
f direct (non-satellite) mode multiple access system. A net comprises
f g a particular frequency hopping pattern, and only one user in a given
:

net is transmitting. A net concept is illustrated in Figure 14.3 The

S

receiver being addressed auto-correlates the transmitted synch preamble

which provides the synchronization for the uata demodulation. At all

BRI S

i A s
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other receivers in the net, the synch sequence transmitted is cross-
correlated. As shown previously, this process should not effect a
tireshold crossing to establish an erroneous synch.

The situation is not as simple for the ground contrel terminal which
uay be within several nets. This terminal may receive simultaneous
queries from the different nets. uowever, the system government
would require that in each time slot, each net will be at a different
frequency, segarated by the proper amount as discussed above. Figure
10 showed that surface wave matched filters are capable of separating
the same sequence at different frequencies. Thus, it will not be

necessary to require that the yround control terminal contain a

receiver for each of its nets. A single set of acoustic surface

wave uatched filters and a switching matrix can provide the synch

{ ; function to all nets by parallel processing. This is shown conceptually
3 A in Figure 15. The frequency hop synthesizer or some such control unit

connects the nets to the proper matched filter through the switching

matrix. The synch outputs can then be used to turn on the demodulator
for the net that las established the synch. Although not presently
available, data modulation/demodulation techniques with surface wave
matched filters are being studied and may allow a single set to perform
all signal processing functions. Such an approach to implementation of

the waveform is required.
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